To evaluate blue-light flexible cystoscopy (BLFC) with hexaminolevulinate in the office surveillance of patients with non-muscle-invasive bladder cancer with a high risk of recurrence by assessing its impact on pain, anxiety, subjective value of the test and patient willingness to pay.
Results
A total of 304 patients were enrolled, of whom 103 were referred for surgical examination. Of these, 63 were found to have histologically confirmed malignancy. Pain levels were low throughout the study. Anxiety levels decreased after BLFC (Δ = À2.6), with a greater decrease among those with negative pathology results (P = 0.051). No differences in anxiety were noted based on gender, BLFC results, or test performance (true-positive/false-positive). Most patients found BLFC 'worthwhile' (94%), would 'do it again' (94%) and 'would recommend it to others' (91%), with no differences based on BLFC results or test performance. Most patients undergoing BLFC (76%) were willing to pay out of pocket.
Introduction
As bladder cancer is associated with a high rate of recurrence after transurethral resection of bladder tumour (TURBT), patients undergo regular follow-up cystoscopies, usually every 3-6 months [1] . Surveillance is usually performed as an officebased procedure with white-light flexible cystoscopy (WLFC). A recent meta-analysis evaluated blue-light cystoscopy (BLC) in 14 randomized controlled trials, including nine with hexaminolevulinate (HAL; Photocure ASA, Oslo, Norway) [2] , confirming that BLC improved detection of papillary tumours and carcinoma in situ (CIS) compared with white-light cystoscopy (WLC). Compared with WLC, BLC detected at least one additional Ta/T1 tumour in 24.9% of patients, and at least one CIS lesion was only seen in blue light in 26.7% of patients (P < 0.001) [3] . Based on available data, the AUA guidelines for non-muscle-invasive bladder cancer (NMIBC) state that 'in a patient with NMIBC, a clinician should offer blue-light cystoscopy at the time of TURBT, if available, to increase detection and decrease recurrence (Moderate Recommendation; Grade B)' [1] .
Because WLC can miss tumours during surgery, it may also miss tumours in the office setting. In Europe, a flexible photodynamic diagnosis videoscope (KARL STORZ D-Light C Photodynamic Diagnosis Flexible Videoscope System) has been used with HAL (marketed as Hexvix in Europe and Cysview in the USA and Canada). A recent phase III clinical study in the USA demonstrated improved detection of bladder cancer with this technique during office surveillance [4] .
Cost implications and the trade-off between improved sensitivity and false-positive results are often analysed years after incorporating the technology. Our objective was to measure prospectively the impact of blue-light flexible cystoscopy (BLFC) with HAL on patient satisfaction, anxiety, and willingness to pay by conducting a prospective phase III, comparative, multicentre study.
Materials and Methods

Study Design
This was a prospective, open-label, comparative withinpatient controlled phase III study conducted in 17 centres in the USA. The study was performed in accordance with Good Clinical Practice and the Declaration of Helsinki. Written approval was obtained from the relevant institutional review board at each study site, and all patients gave fully informed written consent before enrolment in the study.
Patients
Patients with a history of multiple, recurrent or high grade bladder tumours were eligible if they had a history of histologically confirmed tumour, either from a TURBT or a previous surveillance cystoscopy. Patients were excluded if they had received BCG immunotherapy or intravesical chemotherapy in the preceding 6 weeks.
Examination Process
After screening and enrolment, patients returned for the first office-based surveillance visit where they received an instillation of HAL and underwent flexible cystoscopy, first with white light, then with blue light, using local anaesthesia [4] . A few patients (n = 8) were randomized to receive WLFC only (to ensure a thorough inspection would be carried out with white light alone), and data from the screening and post-surveillance questionnaires were included in the analysis. The remaining patients underwent BLFC. Patients with suspicious findings using either examination method were referred to the operating room for a cystoscopy with biopsy which was carried out within 6 weeks of the surveillance visit.
In the operating room, all patients received another HAL instillation and the bladder was inspected with rigid cystoscopy with white then blue light under general anaesthesia. All suspicious lesions were mapped at both inspections. Biopsies were taken of all suspicious lesions, and resection was carried out according to normal clinical practice.
All biopsies were analysed by a local pathologist and verified by a pathology consensus panel using the 2004 WHO/ International Society of Urological Pathology consensus classification [4] and the 2002 TNM classification for staging of bladder cancer [5] . The consensus panel result was used for assessment of the efficacy endpoints, but the local pathology results were the findings communicated to patients.
Survey Procedure
Given that patients undergoing BLFC would receive an additional catheterization with instillation of Cysview, resulting in a longer waiting time for their procedure, we hypothesized that pain and anxiety may be negatively impacted. Patients were therefore asked about their levels of anxiety and pain at three time points: (1) at the screening visit; (2) immediately after surveillance cystoscopy; and (3), for those referred to the operating room, after they had received the pathology findings and were aware of their diagnosis. Subjective value of the test and willingness to pay were evaluated at the second and third time points. All surveys were administered via interview by the trained research coordinator.
Anxiety related to the diagnosis was measured using the Patient-Reported Outcomes Measurement Information System (PROMIS) [6] Anxiety 4a short-form questionnaire in which patients responded to the four statements in Table S1 [7, 8] .
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© 2018 The Authors BJU International © 2018 BJU International Pain was measured using the PROMIS Pain Intensity 1a on a scale from 0 (no pain) to 10 (worst imaginable pain) in response to the questions in Table S2 (which differed based on the time point in the study). Total scores range from 0 to 100, with higher scores indicating worse anxiety and pain. PROMIS instruments are publicly available on the PROMIS Assessment Centre Library website (Table S3) .
After surveillance and after referred patients had received their pathology results, patients were asked to respond to the questions in Table S4 relating to their experience of the procedure and willingness to pay using the 'Was It Worth It?' questionnaire [9] .
Assessments and Statistical Analysis
The population for analysis included all patients who underwent surveillance cystoscopy. Some patients had been enrolled for training purposes (n = 68), while others were randomized out of the study (n = 8) as they only underwent WLFC, as described above in the methods section [4] . All were eligible for the post-surveillance survey; however, only those who were randomized to BLFC and required an operating room visit were eligible for the postoperative procedure survey.
Results
Patients
The study included 304 patients, including 68 patients who were enrolled as the training set (Table 1) . Two-thirds of the patients had high grade cancer detected at their last TURBT, and the mean number of prior recurrences before entry to the study was 1.7. Two-thirds of patients had prior BCG or chemotherapy between 6 weeks and 90 days before surveillance cystoscopy. At baseline, 262/304 patients who underwent flexible cystoscopy (86%) completed the baseline survey, and 260 (85%) completed the postsurveillance survey. Among 103 patients referred to the operating room for suspicion of recurrence, 92 (89%) completed the postoperative procedure survey. A consort diagram showing patient flow has been previously published [4] .
Tumour Detection
After surveillance cystoscopy, 103 patients were referred for cystoscopy and biopsy with suspicion of malignancy, and 63 were confirmed to have recurrence. BLFC was found to improve overall cancer detection by 20.6% [4] . Forty out of 220 patients had false-positive findings in the surveillance setting; 20 had false-positive findings with WLFC (9.1%) and the remaining 20 had false-positive findings with BLFC (9.1%).
Survey Results
Anxiety
The mean (SD) baseline PROMIS anxiety score was 51.8 (9.2), which decreased after surveillance by 2.6 points. A greater decrease was noted among patients with a negative BLFC result vs positive, with a trend towards significance (P = 0.051; Table 2 ). For patients referred to the operating room, overall anxiety decreased by 1.6 points compared with the score after surveillance, driven mainly by lower anxiety scores among patients with negative biopsies (P = 0.054).
No differences in anxiety scores were noted between men and women when evaluating change from baseline to postsurveillance (P = 0.63) or postoperatively (P = 0.56). In patients with intermediate-risk disease, positive BLFC was associated with an increase in anxiety, while negative BLFC was associated with a decrease. Patients with high-risk disease had a decrease in anxiety regardless of BLFC findings.
Pain
There was no time point pre-or post-surgery when the pain was impacted by intervention or BLFC. The mean (SD) pain scores were low for patients at baseline (0. 
Perceived Value
Most of the patients found the BLFC experience worthwhile and would repeat the procedure and/or recommend it to others (Table 3) . Patients' perception changed very little based on the BLFC result (positive/negative) or performance (true-positive/false-positive).
Quality of Life/Expectations
Most patients undergoing BLFC (99%) reported either improved or stable quality of life (QoL) overall when compared with their baseline before the BLFC (Table 4) . Improved QoL was reported more frequently among those with a negative BLFC (54%) compared with a positive BLFC (28%; P < 0.001). Similarly, improved QoL was reported more frequently among those with a false-positive (49%) compared with a true-positive result (18%; P = 0.003).
With regard to expectations, 60% of patients undergoing BLFC reported that their experience was better than expected (Table 4) . This was more frequently reported by those with a negative BLFC (68%) vs positive (50%; P = 0.01); however, no significant differences were noted based on test performance.
Willingness to Pay
Most patients were willing to pay out of pocket for BLFC (Fig. 1) . Among those willing to pay, 148/246 patients (60%) post-surveillance and 51/91 patients (56%) postoperatively were willing to pay $100 or more (Fig. 1) . Only 59/246 patients (24%) post-surveillance and 26/91 patients (29%) postoperatively were unwilling to pay out of pocket for BLFC. When stratifying patients by age, sex and risk group, similar patterns emerged for the post-surveillance and postoperative populations. Most patients were willing either to pay $0 or to pay $100 out of pocket costs with a smaller proportion of patients reporting other cost thresholds (e.g. $25, $50, $200 or >$200).
Discussion
A prospective multicentre study found that BLFC improved the detection of bladder cancer in the outpatient setting, with a 20.6% increase in detection among those undergoing BLFC [4] . From a patient perspective, improved detection is weighed against an additional catheterization and the potential for a false-positive finding. As such, it is important to include patient-reported outcomes (PROs) in the assessment of the value of BLFC. Understanding value is a key reason that PRO measurement is increasingly common among oncology clinical trials [10, 11] . In the present study, we report PROs of patients undergoing BLFC, highlighting anxiety, pain, perceived value and willingness to pay in the context of test accuracy and patient characteristics. We found that anxiety decreased after the BLFC procedure with no statistically significant differences based on gender. Pain scores were low among those undergoing the BLFC procedure. QoL and expectations were stable or improved among most patients undergoing BLFC (compared with pre-BLFC), influenced by the possibility (or reality) of cancer recurrence, and most patients considered the procedure worthwhile and were willing to pay money out of pocket.
Patients undergoing BLFC reported decreased anxiety (À2.6 points) and this was more pronounced among those with negative vs positive findings. In a study among diverse clinical samples including cancer, a PROMIS anxiety score change between 1.9 and 2.7 was deemed clinically significant, suggesting that the decrease in anxiety among patients who underwent BLFC is meaningful [12] . A minimal clinically important difference of 2.5 has been noted among other patient populations as well, including patients with chronic pain [13] . Because cancer can be missed by white light alone, it is probably more reassuring when the WLFC and BLFC are both negative. Alternatively, a negative cancer result (regardless of technology) may also be responsible for decreased anxiety. Likewise, those with positive findings had anxiety that may have been related to detection of cancer recurrence. Our data support the influence of biopsy results on anxiety. Although those with true-positives had stable anxiety rates (À0.4) from time of surveillance to post-biopsy, those with false-positives had a further, clinically meaningful decrease in anxiety (À3.4), Comparison between patients with and without confirmed malignancy, P = 0.054.
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© 2018 The Authors BJU International © 2018 BJU International suggesting that either BLFC provides additional reassurance regarding their results or that a 'true'-negative biopsy decreases anxiety (or both). Although differences between true-and false-positives did not reach statistical significance, a clinically meaningful difference of 3 points (beyond the minimally important difference of 2.5) between groups suggests that a new cancer recurrence affects anxiety, as would be expected. Without a WLC comparator, understanding the additive impact of BLFC on anxiety, beyond the impact of cancer is difficult to ascertain. Our results do suggest, however, that BLFC (with an added procedure and instillation) does not negatively impact anxiety or pain, which is reassuring. Furthermore, although patients undergoing BLFC had an additional procedure (catheterization) and instillation (HAL), all pain scores remained low throughout the study (postsurveillance and postoperatively) which is encouraging given its improvement in cancer detection.
Additional measures of interest included QoL and expectations regarding the procedure. QoL either remained stable or improved among most patients with BLFC, with greater improvement in those with negative BLFC findings. Interestingly, improved QoL was more pronounced among those with false-positive (rather than true-positive) findings. QoL differences may be more reflective of a possible cancer recurrence rather than of the test itself. Uncertainty regarding a cancer diagnosis can influence perception, such as QoL and expectations [14] . Among patients with RCC undergoing watchful waiting, illness uncertainty (as measured by the Mishel Uncertainty in Illness Scale) was negatively associated with general QoL, cancer-specific QoL and distress [15] . Our results support the idea that reducing uncertainty regarding diagnosis increases QoL. Communicating around uncertainty should be considered in patient counselling during NMIBC surveillance and testing. Again, understanding the additive impact of BLFC to cancer recurrence is difficult without a randomized comparator, but our results suggest that BLFC does not negatively impact QoL despite additional catheterization and instillation.
Although QoL and expectations differed according to test result and performance, perceived value did not differ in the same way. Most of the patients found the BLFC experience worthwhile and would repeat the procedure and/or recommend to others. The overall positive perception of value was reflected in the proportion of patients who were willing to pay money out of pocket, regardless of patient characteristics. This has important policy implications regarding patient charges and reimbursement. While the range of costs that were used would not be sufficient to pay for the entire procedure 'out of pocket', costs are still relatively high when compared with most co-pays for insurance companies and Medicare.
The present study has several limitations. First, we attempted to minimize the number of questions to limit respondent burden while retaining accuracy of measurement. The shortform items, although responsive, may not detect nuances regarding pain and anxiety. The PROMIS questionnaires have been validated such that they may be used in any patient population; however, studies on the use of the PROMIS questionnaire in a cystoscopy or bladder cancer surveillance population have not been published. Furthermore, although the Was It Worth It questionnaire has been used in colorectal and breast cancer clinical trials, validation has not yet been performed. Nevertheless, it is the only existing questionnaire that measures patient-perceived 'worth' of an intervention. A larger, validated QoL questionnaire was intentionally excluded to limit questions and survey burden. Arguably, qualitative interviews would provide richer data regarding patient perception and could represent an avenue for future research. Finally, this study did not include a WLFC comparator with which to compare anxiety, pain and QoL. Nevertheless, we were able to compare these changes with baseline (preprocedure), and our findings show that BLFC did not negatively (and may positively) impact PROs. Despite these limitations, the present study is the first to report PROs regarding BLFC and to suggest that patients value the procedure and are willing to pay out of pocket, reporting minimal effects on pain and anxiety.
In conclusion, in the present phase III, prospective, multicentre, within-patient controlled study among patients with NMIBC, anxiety decreased after BLFC when compared to baseline, and was more pronounced among those with negative pathology, including those with false-positive results, supporting the impact of cancer recurrence on anxiety. Most patients undergoing BLFC were willing to pay out of pocket, found it worthwhile to undergo the procedure and would recommend it to others, irrespective of whether they had a positive BLFC or a false-positive result postoperatively. BLFC improves overall cancer detection by 20.6% and does not adversely impact PROs, supporting its routine use in surveillance for NMIBC at high risk of recurrence. 
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